The statistical analysis was performed with Wilcoxon test. The measured values were mean +/-standard deviation, p<0.05 was determined as statistically significant.
Introduction
It is well known that magnesium deficiency plays an important role in the pathogenesis of essential hypertension . Likewise the efficacy of an oral therapy with magnesium is well documented in hypertension and borderline hypertension. Also in lipid disorders and in the development of atherosclerosis or cancer magnesium deficiency is commonly involved [26] [27] [28] [29] [30] [31] .
The combination of hypertension and diabetes mellitus is more severe with involvement of magnesium deficiency [9, 10, 27, [32] [33] [34] .
The MACH study showed a positive effect of an oral therapy with magnesium orotate in patients with heart failure NYHA IV. Patients who were treated had an enhanced life expectancy compared to the controls. In the same way the quality of life improved significantly over the course of one year in the majority of patients [35] . Similar results were obtained by Geiss et al. [36] , showing the positive effect of magnesium orotate in patients with coronary heart disease.
Because of these pathophysiological interrelationships and the past studies we conducted the following study.
Patients and Methods
We performed an observational study with 11 patients who were suffering from hypertensive heart disease and heart failure NYHA III-IV. Additionally they were treated with magnesium orotate whereas 10 patients with heart failure served as controls. The clinical data can be seen in Table 1 .
Statistically the groups were not significantly different concerning age and gender distribution. All patients had healthy kidneys. Severe side effects under the additive magnesium therapy did not occur.
We measured NTproBNP before the beginning and at the end of the therapy of one week duration. The verum group was treated additionally with 3 x 3 tablets Magnerot CLASSIC N (300 mg magnesium/d). Furthermore the patients underwent ECG and longterm ECG (holter) analysis. The serum-creatinine was measured before and after the treatment.
In conclusion an additional therapy with magnesium orotate is safe and can be of additional benefit in hypertensive heart disease with insufficiency.
There is an improvement in quality of life and life expectancy in heart insufficiency under an additional magnesium orotate therapy. (deteriorated) 1 2 Table 1 : Clinical data study of 11 patients with heart failure with additional magnesium orotate therapy compared with 10 controls with heart failure (mean+/+ standard deviation).
(p<0.01). The control group pre therapy measured 4331+/-2688 pg/ml. After the therapy the results were 4091+/-2491 pg/ml. There was also a reduction of NTproBNP in the control group. However the results concerning the reduction of NTproBNP in the magnesium orotate treated group were significantly lower (p<0.01).
The serum creatinine levels did not change significantly in the control group as well as in the magnesium treated group compared to the pretreated values. All results were within normal range. In the magnesium treated group two patients complained about slight side effects concerning smooth stool. The results of the questionnaire of life quality concluded that 7 of 11 patients in the magnesium treated group stated an improvement of their life quality, whereas 1 patient complained of worsening of his life quality.
In the group, that was treated without magnesium 4 patients stated an improvement and 2 patients a worsening of their life quality.
Discussion
As it is known recently, changes in magnesium balance in hypertension have gathered fair amounts of attention.
Many basic studies have shown that magnesium deficiency might be involved in the development of essential hypertension or borderline hypertension [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [37] [38] [39] [40] [41] .
In intensive care medicine you often see magnesium deficiency in patients which is a corresponding risk factor for their prognosis [42] . In the same way magnesium deficiency may be induced or veiled in the treatment of hypertension, e.g. with diuretics. Reasons of magnesium deficiency are manifold.
The most important pathophysiological mode of action is its calcium antagonistic effect. Furthermore there is a sodium-magnesiumantiport. In recent years autonomous magnesium channels were found in the gut, then, 2 years ago they were found in the kidney as well. In the development of hypertension first analyses of mutations of these TRPM6 and 7 channels in this regard are available [43] . Table 2 shows the reasons of magnesium deficiency.
Drug interaction often may induce magnesium deficiency as well. This Table 3 shows drugs that can trigger QT-prolongation and Torsade-de-pointes tachycardia, whereby a magnesium deficiency may worsen it [41] . Table 4 shows contraindications and side effects of magnesium therapy.
In cardiology an intact magnesium balance is of particular interest. The MACH study could show the beneficial use of magnesium orotate as adjuvant therapy in patients on optimal treatment for severe congestive heart failure in a follow-up study of 1 year [35] . It is also well known, that magnesium has a significant value in the treatment of cardiac arrhythmia, Torsade-de-pointes tachycardia responds especially well to the intravenous administration of magnesium sulfate [26, 41, [44] [45] [46] [47] [48] [49] [50] . There is however scant data for the treatment of heart failure with an additional magnesium therapy. The MACH study, cited above, which showed a positive effect in severe cases of heart failure, served for this study as status [35] .
In this already short observation period of 1 week with additional daily treatment with 300 mg magnesium orotate, values of NTproBNP decreased markedly and statistically significant which is known as a marker to assess heart failure ( Figure 1 ). Furthermore most of the treated patients stated a distinct clinical improvement of their complaints.
As magnesium orotate is used in the presented study, we closely monitored kidney function because of the orotate component.
None of the magnesium orotate treated patients showed in the course a change of serum creatinine compared to the pretreated values. Already during the 1990s a positive effect of orotate in heart failure could be shown in investigations with animal model. Here, stabilization of cardiac cell functions was described. It could additionally be demonstrated that orotic acid could distinctly improve the metabolism of myocardial cells. In this way the metabolism of glycogen in the hypertrophic heart could be markedly improved by administration of orotate [35, 45] . Newman and his coworkers described an improvement of "beatoutput-index", even after myocardial infarction, when the patients were treated with additional orotic acid. A statistically significant improvement of beat-output compared to myocardial infarction group who were not treated with additional orotic acid was shown.
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In summary here the conducted study shows that a therapy with magnesium orotate can be considered as a safe mode of treatment for patients with hypertensive heart disease and heart failure NYHA III-IV. The patients showed markedly improved NTproBNP values already after one week of treatment [51] . This was, from a statistical standpoint, significantly better than the group without treatment. Furthermore a reduction in clinical complaints was seen. The kidney function was stable at all times. Severe cardiac arrhythmia did not occur in the course of this observational study. Table 5 shows the symptoms of magnesium deficiency.
To summarize, the presented study shows that the treatment with magnesium orotate has significant value in the treatment of patients with heart failure regarding life expectancy, life quality as well as incidence of cardiac arrhythmia [52] . In either case magnesium deficiency should be taken into consideration for high-risk patients. NTproBNP-values (mean+/-standard deviation) of 11 patients with heart failure before and after additive application of magnesium orotate (p<0.01).
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